(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 




(43) International Publication Date (10) International Publication Number 

4 March 2004 (04.03.2004) PCT WO 2004/018084 Al 



(51) International Patent Classification 7 : B01D 65/02, 

65/08 

(21) International Application Number: 

PCT/AU2003/001068 

(22) International Filing Date: 21 August 2003 (21.08.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

2002950934 



21 August 2002 (21.08.2002) AU 



(71) Applicant (for all designated States except US): U.S. 
FILTER WASTEWATER GROUP, INC. [US/US]; 181 
Thorn Hill Road, Warrendale, PA 15086 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): LAZAREDES, Huw, 



Alexander [AU/AU]; 3/26 William Street, North Rich- 
mond, New South Wales 2754 (AU). 

(74) Agent: BLADWIN SHELSTON WATERS; 60 Margaret 
Street, Sydney, NSW 2000 (AU). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 

[ Continued on next page J 



(54) Title: AERATION METHOD 




(57) Abstract: A method and filtration module (5) for providing gas bubbles within an array 
of vertically disposed porous hollow membranes (6) to clean the outer surfaces of said mem- 
branes (6) when the array is immersed in a liquid by feeding (10) the gas bubbles into the 
array transversely of the vertical axis of the array. In one preferred form, the gas bubbles are 
retained within the array using a sleeve (11) surrounding the array (6) at least along part of its 
length. 





WO 2004/018084 Al II I II I « 



SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

— as to applicant's entitlement to apply for and be granted 
a patent (Rule 4.17(H)) for the following designations AE, 
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, 
Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, 
PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, 
TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, 



ZM, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 
TJ, TM), European patent (AT, BE, BG, CH, CY, CZ, DE, 
DK, EE, ES, Fl, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, 
RO, SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG) 

— of invento rship ( Rule 4. 1 7( iv ))for US only 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/018084 



PCT/AU2003/001068 



TECHNICAL FIELD 

The present invention relates to membrane filtration systems and more 
particularly to an improved backwash method and apparatus. 
BACKGROUND OF THE INVENTION 

The use of membrane filtration systems is growing rapidly. The success of such 
systems is largely dependent on employing effective and efficient membrane cleaning 
methods. Commonly used physical cleaning methods include backwash (backpulse, 
backflush) using liquid permeate or a gas, and membrane scrubbing or scouring using a 
gas in the form of bubbles in a liquid. Examples of this second type of method are 
illustrated in United States Patent No. 5,192,456 to Ishida et al, United States Patent No. 
5,248,424 to Cote et al, United States Patent No. 5,639,373 to Henshaw et al, United 
States Patent No. 5,783,083 to Henshaw et al and our PCT Application Nos 
WO98/28066 and WO00/18498. 

These prior art systems use a variety of techniques to introduce gas bubbles into 
the membrane arrays to produce effective and efficient surface cleaning. It has been 
found that effective cleaning is achieved by introducing bubbles into the array in a 
uniform manner and retaining the bubbles within the array as much as possible to 
produce efficient cleaning of the membrane surfaces. 
SUMMARY OF THE INVENTION 

One object of the present invention is to provide an improved method and 
apparatus for introducing gas into a membrane array which overcomes or at least 
ameliorates one or more of the disadvantages of the prior art or at least provides a useful 
alternative. 

According to a first aspect, the present invention provides a method of providing 
gas bubbles within an array of vertically disposed porous hollow membranes to clean the 
outer surfaces of said membranes when said array is immersed in a liquid, the method 
comprising the steps of feeding gas bubbles into said array transversely of the vertical 
axis of said array. 

Preferably, said method includes the step of retaining said gas bubbles within 
said array using a sleeve surrounding said array at least along part of its length. 

According to a further aspect, the present invention provides a membrane 
filtration module including a plurality of vertically disposed porous hollow membranes 
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adapted, in use, to be immersed in a liquid, gas feeding means adapted to feed gas 
bubbles into said array transversely of the vertical axis of said array. 

For preference, said module further includes a sleeve surrounding said array at 
least along part of its length for retaining said gas bubbles within the array. Preferably, 
5 the sleeve extends along 17% or greater of the length of the array. 

Preferably, said porous hollow membranes comprise hollow fibre membranes. 
For preference, the fibre membranes are formed in a generally cylindrical bundle. For 
further preference, said sleeve is located adjacent and above the gas feeding means. 
Preferably, the gas feeding means comprises a tube adapted to extend around the 
10 periphery of the array of membranes, the tube having a plurality of openings located on 
its inner surface adjacent the array of membranes for feeding gas into the membrane 
array. For preference, a number of gas feeding means are provided along the length of 
the array or bundle. Preferably, the openings in the tube include extensions in the form 
of tubes adapted to extend into the array. For preference, the sleeve extends along a 
15 major portion of the length of said membranes. 
BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the invention will now be described, by way of 
example only, with reference to the accompanying drawings in which: 

Figure 1 shows a broken side elevation view of a hollow fibre membrane module 
20 with a gas feeding ring according to an embodiment of the invention; 

Figure 2 shows a perspective view of the gas feeding ring of Figure 1; 
Figure 3 shows a cutaway perspective view of the gas feeding ring of Figure 2; and 
Figure 4 shows a graph of transmembrane pressure (TMP) vs time running of a 
filtration module for different percentage lengths of the wrapping of the module. 
25 DESCRIPTION OF PREFERRED EMBODIMENT 

The preferred embodiment relates to porous hollow fibre membranes, however, it 
will be appreciated that the invention is not limited to such an application and is equally 
applicable to other similar arrays of membranes. 

Referring to the drawings, a fibre membrane module 5 is shown in figure 1 
30 comprising a bundle of hollow fibre membranes 6 extending between an upper and 

lower potting sleeves 7 and 8, respectively. The fibre membranes 6 are supported by a 
screen 9 also extending between the sleeves 7 and 8. 
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The gas feeding ring 10 is fitted around the circumference of the fibre bundle 6 at 
a location spaced from the lower potting sleeve 8. A tube or sleeve 1 1 is placed around 
the bundle 6 above the gas feeding ring 10 and extends along the length of the bundle 6. 
The tube 1 1 may be formed as a solid tube or by wrapping a suitable sheet material 
5 around the fibre bundle 6. The tube material should be impervious to the gas bubbles so 
they are retained within the fibre bundle but need not be liquid impervious. A region 12 
above and below the potting sleeves is left uncovered by the tube 1 1 to allow entry of 
feed to the fibre membranes as well as removal of material backwashed from the 
membranes by usual processes as well as bubbles fed into the bundle by the gas feeding 
10 ring 10. 

Figures 2 and 3 show the gas feeding ring 10 in more detail. The ring is an annular 
tube 15 having spaced holes or openings 16 formed around its inner circumference to 
allow gas to be fed into the fibre array when the ring is placed around the bundle as 
shown in Figure 1 . Gas or air may be supplied to the ring 1 0 through a port 17 in one 

15 side of the ring. 

The system provides a number of advantages. Air or gas can be fed into the 
membrane bundle at a number of locations along its length by use of a number of gas 
feeding rings. This enables more uniform provision of gas scouring bubbles within the 
bundles. Retention of bubbles within the bundle by the tube or sleeve 1 1 produces a 

20 more efficient scouring of the fibre surfaces. Provision of scouring bubbles in this way, 
independent of the fibre headers, allows filtrate to withdrawn from either of both ends of 
the fibre module and allows reverse filtration from either or both ends of the fibre 
module when backwashing.. Figure 4 illustrates the reduction in increase of TMP with 
increased sleeve or wrapping length along the fibre bundle. 

25 It will also be appreciated that further embodiments and exemplifications of the 

invention are possible without departing from the spirit or scope of the invention 
described. 
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CLAIMS: 

1. A method of providing gas bubbles within an array of vertically disposed porous 
hollow membranes to clean the outer surfaces of said membranes when said array is 
immersed in a liquid, the method comprising the steps of feeding gas bubbles into said 

5 array transversely of the vertical axis of said array. 

2. A method of providing gas bubbles within an array of vertically disposed porous 
hollow membranes according to claim 1 wherein said method includes the step of 
retaining said gas bubbles within said array using a sleeve surrounding said array at least 
along part of its length. 

10 3. A membrane filtration module including a plurality of vertically disposed porous 
hollow membranes adapted, in use, to be immersed in a liquid, gas feeding means 
adapted to feed gas bubbles into said array transversely of the vertical axis of said array. 

4. A membrane filtration module according to claim 3 wherein said module further 
includes a sleeve surrounding said array at least along part of its length for retaining said 

1 5 gas bubbles within the array. 

5. A membrane filtration module according to claim 4 wherein the sleeve extends 
along about 17% or greater of the length of the array. 

6. A membrane filtration module according to claim 4 wherein the sleeve extends 
along a major portion of the length of said membranes. 

20 7. A membrane filtration module according to any one of claims 4 to 6 wherein said 
sleeve is located adjacent and above the gas feeding means. 

8. A membrane filtration module according to any one of claims 3 to 7 wherein said 
porous hollow membranes comprise hollow fibre membranes. 

9. A membrane filtration module according to claim 8 wherein the fibre membranes 
25 are formed in a generally cylindrical bundle. 

10. A membrane filtration module according to any one of claims 3 to 9 wherein the 
gas feeding means comprises a tube adapted to extend around the periphery of the array 
of membranes, the tube having a plurality of openings located on its inner surface 
adjacent the array of membranes for feeding gas into the membrane array. 

30 11. A membrane filtration module according to claim 10 wherein the openings in the 
tube include extensions in the form of tubes adapted to extend into the array. 
12. A membrane filtration module according to any one of claims 3 to 1 1 wherein a 
number of gas feeding means are provided along the length of the array or bundle. 
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13. A membrane filtration module substantially as herein described with reference to 
any one of the embodiments of the invention illustrated in the accompanying drawings. 
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